Abstract. The onion sweet bulb genotypes grown in the Crimean republic (Russia) have a high nutritional value, but have been poorly characterized so far. Research was carried out in order to assess quality, antioxidant and mineral composition features of 9 Crimean genotypes in comparison with the Italian sweet variety 'Tropea'. 'Yaltinsky 6А' showed the highest yield. Beam Promine attained the highest values of bulb dry residue, soluble solids and total sugars, but the lowest monosaccharides content. The Crimean genotypes showed higher levels of ascorbic acid and total acidity than 'Tropea', but lower concentrations of Fe, Cu, Mn and Zn. The Crimean genotypes examined showed interesting yield and quality performances, and also the potentiality to valorizing the bulb peel for extracting health-beneficial compounds such as antioxidants.
Introduction
Allium cepa L. is one of the major vegetable crops worldwide, ranking second in produce amount after tomato.
Onion is an important source of many biologically active compounds which are beneficial to human health, including flavonoids, anthocyanins in red varieties, fructooligosaccharides and sulfur containing compounds [SEKARA et al., 2017] .
The high phenolics content in the bulbs is associated to the remarkable antioxidant activity, resulting in antiinflammatory, anti-carcinogenic, immune-modulating and anti-allergenic effects as well as in the protection against cardiological, neurological, gastrointestinal diseases caused by oxidative stress [GRIFFITHS et al., 2002] . The sulfur compounds stimulate the production of insulin, the high dietary fiber content activates digestion, and the consumption of this vegetable increases the density of bones tissues in elderly persons [GRIFFITHS et al., 2002] . The sweet onion varieties are very popular among consumers, as they show a refined taste and a high concentration of biologically active compounds. Russia grows predominantly pungent and semi-pungent onion varieties characterized by long-storage time, whereas the most popular salad onion bulbs consumed in this country are produced in Crimea, also belonging to the storage type but with shorter shelf-life.
Nevertheless, contrary to pungent and semi-pungent onion varieties [GOLUBKINA et al, 2016] , the nutritional value information related to sweet onion genotypes of the domestic selection is extremely scant [NEMTINOV et al., 2018] . Moreover, as previously reported [GEETHA et al., 2011] the bulb outer scales (peel) show valuable antioxidant properties, which allow to enhance the crop components valorisation.
The purpose of the present research was the assessment of bulb quality, antioxidant and elemental composition of nine Crimean sweet onion genotypes in comparison with the Italian variety 'Tropea', and the further evaluation of bulb peel content in antioxidants aimed at extracting these health-beneficial compounds.
Material and methods
Two yellow varieties of sweet onion ('Kendy F1' and 'Beam promine'), four red ones ('Yaltinsly rubin', 'Yaltinsly foros', 'Yaltinsky plus', 'Festivalny') and three prospective genotypes ('Yaltinsky 6A', 'Yaltinsky 7А' and 'Yaltinsky 8А') and the Italian sweet onion variety 'Tropea' were analyzed. −1 of N on dressing, by using Bioilsa 6-5-13 and 11 N fertilizers respectively; irrigation activated at 70 % soil available water capacity; copper oxychloride application against rust.
The seedlings were transplanted on 5 May in double rows, with the spacings of 10 cm along the rows which were 25 cm apart within each double row, and of 40 cm between the outer rows of adjacent double rows (30.8 pt·m −2 ). Onion bulbs were harvested at maturity on 4 to 8 August, when 50% of the plants had the pseudo-stems softened and the leaves flattened. After the harvest, the plants were left to cure in the field in windrows for two weeks. [SWAMY, 2008] ; total sugars, by an analogical method, after acidic hydrolysis of water extracts with 20 % hydrochloric acid, using fructose as an external standard; titratable acidity (TA), according to [EUROPEAN STANDARD, 1999] ; nitrates-using ion selective electrode on ionomer Expert-001 (Russia).
Ascorbic acid (AA), polyphenols, quercetin, antocianines and total antioxidant activity were determined according to [GOLUBKINA et al., 2018] . Pungency was evaluated by the content of pyruvic acid according to [ANTHON and BARRETT, 2003] . The content of Cu, Fe, Mn and Zn in onion bulbs was assessed by the atomic absorption method, using the AAS spectrometer Shimatsu 7000 (Japan).
The data obtained were processed by analysis of variance and mean separations were performed through the Duncan multiple range test, with reference to 0.05 probability level, using SPSS software version 21.
As no significant differences were recorded between the two years of research, the effects of genotype on the variables examined are reported as means of the two research years.
Results and discussion

Yield and nutritional properties
The data reported in Table 1 show the bulb yield and nutritional properties of the Crimean sweet onion genotypes.
Among the varieties compared, 'Yaltinsky 6А' showed the highest yield thanks to the highest mean bulb weight, though not significantly different from 'Kendy F1', 'Beam Promine' and 'Tropea' (Table 1) ; 'Yaltinsky rubin' had the worst performance (-35 % compared to the top production). The close relationship between yield and mean weight of the plant edible part has also been recorded in other species [De SIO et al., 2019] . The Italian variety 'Tropea' was characterized by the longest bulb shape, whereas 'Yaltinsky 6A', 'Yaltinsky 8A' and 'Festivalny' by the most pronounced flat bulbs. The Crimean genotype 'Beam Promine' attained the highest values of bulb dry residue, soluble solids and total sugars, whereas 'Yaltinsky 8A' had the lowest; as for monosaccharides, the worst result was recorded for 'Bean Promine' and the best for 'Festivalny'.
The total content of water-soluble sugars in the Crimean onion varieties ranged between 4.3 to 8.1 % f.w., which is significantly higher than that reported in previous investigations on A. cepa [CARUSO et al., 2014] . Compared to the Italian variety 'Tropea', higher levels of total sugar content were recorded in the bulbs of 'Beam promine' and 'Festivalny'. The lowest level of total sugar concentration was detected in the genotype 'Yaltinsky 8А'. Notably, soluble solids and total sugar content were the most unsettle quality indicators in the Crimean onion bulbs (CV values reaching 15.5 and 17.8 % respectively).
Malic and citric acids are the main organic acids of onion bulbs [CARUSO et al., 2014] . In our investigation, the TA in Crimean varieties bulbs, which is associated to the organic acids content, was higher compared to the Italian variety 'Tropea', thus reflecting genetic peculiarities. Indeed, it was shown that this parameter may differ considerably between cultivars grown in similar biogeochemical conditions [GALDON et al., 2008] . Nevertheless, the TA values of the Crimean onion bulbs are rather stable, being in the narrow range of 1.50 to 1.64 mg eq.·g -1 . The high correlation between enzymatically formed pyruvic acid (PA) and onion pungency is well known.
The latter parameter is important in taste evaluation of different onion varieties and, according to the international classification [ARDIZZI et al., 2003] , all onions are divided into three categories: pungent with pyruvic acid content higher than 7 М/g, semi-pungent, with 3-7 М pyruvic acid per g; sweet, with pyruvic acid level from 0 to 3 М/g.
The present results confirm that the Crimean onion genotypes tested in this research belong to the group of sweet varieties, with the pungency values falling in the range 1.73 to 2.53 М PA·g -1 f.w.
In comparison with the latter, the semi-pungent variety 'Stuttgartenrizen' grown in Crimea contained 3 times higher levels of PA (6.3 М PA g -1 f.w.). Bulb nitrate concentration was highest in 'Tropea' and lowest in 'Kendy F1'. However, onion has a much lower tendency to nitrate accumulation in the edible parts compared to other vegetable species [CARUSO et al., 2011] .
Antioxidants
The sweet onion bulbs reportedly contain high overall levels of antioxidants and in particular of ascorbic acid [CARUSO et al., 2014] . Indeed, the ascorbic acid content in the Crimean onions was about 2 times higher than that recorded in 'Stuttgartenrizen' bulbs grown in the same biogeochemical conditions (6.6 mg·100 g -1 f.w.). The vitamin C values range from 11.4 to 21.6 mg·100 g -1 with the highest accumulation in 'Yaltinsky plus' and the lowest in 'Yaltinsky 8А' (Table 3) . The data reported in Table 3 suggest that the consumption of 100 g of sweet Crimean onion bulbs provides from 16 to 31 % of the daily adequate consumption of ascorbic acid, whereas semi-pungent varieties hardly give the 6 %. The antioxidant activity values of the Crimean onion genotypes fell in the range of 30 to 45.6 mg eq. GA·g -1 d.w., with the highest levels recorded in 'Yaltinsky rubin', 'Yaltinsky 6А' and 'Yaltinsky 8А' bulbs. The high antioxidant activity of onion bulbs is mainly determined by the flavonoids content, primarily quercetin and antocianins in red varieties, and sulfur derivatives [GRIFFITHS, 2002] . From the data presented in Table 3 it can be inferred that the variation of antocyanins content in red onions reached 37 %, with a decrease of these antioxidants content according to the following order: 'Yaltinsky 6А' > 'Yaltinsky 7А' > 'Yaltinsky 8А' > 'Yaltinsky rubin' > 'Yaltinsky foros' > 'Yaltinsky plus' > 'Festivalny'.
A low variability of the flavonoids content was recorded in the bulbs of Crimean onion genotypes, with the maximum values found in 'Yaltinsky rubin', 'Yaltinsky 6A' and "Yaltinsky 8A', and the lowest in 'Beam promine'.
Nevertheless, the mean level of flavonoids detected in the Crimean onions did not differ from that of Italian 'Tropea' variety. Another important component of the bulb antioxidant activity, the phenolics content, was significantly correlated with the levels of antioxidant activity in the Crimean onions (r = 0.92 at P≤0.001), as in many other agricultural crops [GOLUBKINA et al., 2018] . Overall, the sweet onion genotypes 'Yaltinsky' 6А, 7А and 8А showed high levels of antocyanins, flavonoids and polyphenols.
All the antioxidant attributes studied in the Crimean genotype's bulbs are similar to those assessed in the Italian 'Tropea', with the exception of ascorbic acid content. It is also worth mentioning that the obtained results are not consistent with the reports of Chen and collab. about the higher antioxidant levels in red varieties bulbs compared to the yellow ones [CHEN et al., 2013] . From the nutritional perspective, the antioxidant properties of peel of Crimean onion are very important, as peel is a richer source of antioxidants than the bulb inner scales [LY et al., 2005; GEETHA et al., 2011] . This fact and also the issue of onion waste valorization promoted several investigations of onion peel use for noodles or bread production [GAWLIK-DZIKI et al., 2013] , for prolonging meat storage [IFESAN, 2017] and as a remedy for slowing down aging [PARK et al, 2007] . Notably, onion waste reaches 450000 t per year only taking into account the European Union Countries.
Such wastes are not suitable for additives in domestic animals feeding and/or as organic fertilizers due to the active growth of pathogens [WALDRON, 2001] . The important role of onion peel in forming a physical and biochemical barrier against pathogens, preventing both water loss from onion surface and respiration rate increase make this peel peculiar thanks to its biochemical composition. Indeed, peel contains higher levels of polyphenols, quercetin and its derivatives [LEE et al., 2008] . It was reported that free quercetin prevails in the bulb outer scales, while the inner ones contain predominantly glycosylated forms.
Onion peel also displays antibacterial properties [JANES et al., 1999] . Chopping onion peel results in doubling the total flavonoids content [ABOUZID & ELSHERBEINY, 2008] , which is consistent with the reports relevant to flavonoids content increase as a result of stress factors such as mechanical treatments, effect of light and high temperature, inducing the accumulation of antioxidants and in particular quercetin [SHIRLEY, 2002] . Onion skin quercetin was shown to be better absorbed by human organism than the related extract [KASHINO et al., 2015] . A positive correlation between flavanoid content in onion peel and inner layers was revealed (r = 0.83 at P≤0.01) indicating that the variety 'Yaltinsky rubin' is the best source of flavonoids both with regard to bulb peel and inner scales.
Notably, the peel flavonoids content in genotypes grown in southern region is 6.5 times higher that the corresponding concentration in inner scales, whereas the opposite result has been recorded in northern areas (Moscow region) where flavonoids peel/inner scales ratio reaches only 2.5.
The lower light intensity and temperature in Moscow region may be the reason of this phenomenon ( figure 1) .
Indeed, among different factors affecting flavonoids accumulation in onion bulbs, the light is the most important and, in particular, an intensive flavonoids biosynthesis is triggered by the need of protection against harmful UV-radiation [PRICE et al., 1995] . As far as polyphenols are concerned, their content in the bulb peel of Crimean genotypes is 1.5-2 times higher than in inner scales, which is in accordance with the literature data regarding onion crops grown in the southern areas [CARUSO et al., 2014] .
The AOA values of peel relevant to the Crimean onion were 3-4.5 times higher than the AOA of inner scales.
The coefficient of correlation between peel/inner layers phenolics and peel/inner layers AOA was equal to r = 0.90 at P<0.001.
Element composition
Allium cepa is not considered a valuable source of Fe, Mn, Zn and Cu for humans [MARLE, 2017] . Nevertheless, the knowledge of the peculiarities of these microelements accumulation in onion plants is important for optimizing onion growth and development.
Indeed, the dynamics relevant to mineral elements inside the plants is regulated by several interdependent factors: geografical, climatic, hormonal, relationship between elements, type of soil, special genes [KABATA-PENDIAS, 2002] . The data reported in Table 4 suggest the existence of significant varietal differences in microelement accumulation, primarily of Se and to a lesser extent of Zn and Cu.
The highest levels of accumulation were recorded in the bulbs of 'Yaltinsky 6А' for Se, whereas for Zn in 'Yaltinsky 6А, 7А and 8А', as well as in 'Yaltinsky foros' and 'Yaltinsky plus'.
Significantly lower levels of Zn and Se accumulation were detected in the bulbs of yellow varieties 'Kendy F1' and 'Beam promine', and in the red variety 'Festivalny'. 
Conclusions
The present research was aimed to characterize Crimean onion genotypes in comparison with the Italian variety 'Tropea', in terms of bulb yield, nutritional properties and post-harvest waste valorization.
In this respect, 'Bean Promine' showed the best overall production and quality performances among the Crimean genotypes, even with higher dry residue, soluble solids and total sugars than the Italian 'Tropea' which was similar to in terms of lowest pungency. Interesting prospects also arose with regard to valorizing bulb peel for antioxidant extraction.
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